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(57) ABSTRACT 

Apair of electrodes are formed on the front surface and the 
rear surface of each vibrator in a longitudinal direction, and 
dielectric polarization is performed in the direction from the 
front surface to the rear surface. When I/V converters 
constituted by operational ampli?ers are connected to elec 
trodes of the middle vibrator, the detection electrodes can be 
grounded to a reference potential Vref through the imaginary 
short circuits of the UV converters, so that a gyroscope can 
be vibrated Without a conventional ground electrode. 
Therefore, the number of electrodes of the vibrators can be 
reduced, and an interval siZe betWeen the drive electrodes or 
betWeen the detection electrodes can be assured. For this 
reason, suf?cient dielectric polarization can be performed 
When a high voltage is applied. 

7 Claims, 5 Drawing Sheets 
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FIG. 3A 
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DRIVE DETECTION DEVICE FOR 
GYROSCOPE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a gyroscope used in a 
navigation system or the like and a drive detection device 
therefor and, more particularly, to a drive detection device 
for a gyroscope using a pieZoelectric vibrator Which can be 
easily manufactured by achieving a reduction of the number 
of electrodes and simpli?cation of dielectric polariZation. 

2. Description of the Related Art 
FIG. 4 is a perspective vieW shoWing a trident-type tuning 

fork pieZoelectric vibrator as an example of a conventional 
vibratory gyroscope, and is of the same type as that of, e.g., 
a pieZoelectric vibrator disclosed in Japanese Unexamined 
Patent Publication No. 9-101156. FIG. 5A is a front vieW 
obtained by vieWing the pieZoelectric vibrator shoWn in 
FIG. 4 in the direction of arroW V, and FIG. 5B is a front 
vieW shoWing a drive state. 

In the pieZoelectric vibrator shoWn in FIG. 4, three 
vibrators parallel separated from each other are formed at 
the distal end of an elastic plate entirely made of a pieZo 
electric material such as pieZoelectric ceramic. In this pieZo 
electric vibrator, since the vibrators on both the sides vibrate 
in the same phase, the vibrators on both the sides are 
indicated by the same reference numeral 1. Since the middle 
vibrator vibrates in a phase different from the phases of the 
vibrators on both the sides, the middle vibrator is indicated 
by reference numeral 2 Which is different from the reference 
numerals of the vibrators 1 on both the sides. 

As shoWn in FIGS. 5A and 5B, electrodes 5a, 5b, and 5c 
are formed on front surfaces 1a of the left and right vibrators 
1 on both the sides, and electrodes 6a, 6b, and 6c are formed 
on rear surfaces 1b. Electrodes 7a, 7b, and 7c are formed on 
a front surface 2a of the middle vibrator 2, and electrodes 8a, 
8b, and 8c are formed on a rear surface 2b. As shoWn in FIG. 
4, the respective electrodes extend along the direction of axis 
Z throughout the entire lengths of the vibrators 1 and 2 in the 
longitudinal direction. 

The vibratory drive directions of the vibrators 1 and 2 is 
X directions (?rst directions). In the vibrators 1 and 2, When 
the X directions (?rst directions) Which are vibratory drive 
directions are set to be directions of Width, the electrodes 5a, 
5c, 6a, 6c, 7a, 7c, 8a, and 8c are formed at both the edge 
portions of the vibrators 1 and 2 in the directions of Width. 
The electrodes 5b, 6b, 7b, and 8b are located at the centers 
of the vibrators 1 and 2 in the directions of Width (X 
directions). 

FIG. 5A shoWs polarities of an applied electric ?eld When 
dielectric polariZation is performed to a pieZoelectric mate 
rial. DC voltages applied to respective electrodes are rep 
resented by + and —, and a ground potential is represented by 
G. In the vibrators 1 on both the sides, the electrodes 5b and 
6b located at the centers in the directions of Width on the 
front and rear surfaces have ground potentials. On the front 
surface 1a, a negative voltage is applied to the electrodes 5a 
and 5c located at both the edge portions in the directions of 
Width. On the rear surface 1b, a positive voltage is applied 
to the electrodes 6a and 6c located at the edge portions in the 
directions of Width. In the middle vibrator 2, the electrodes 
7b and 8b located at the centers have ground potentials. On 
the front surface 2a, a negative voltage is applied to the 
electrodes 7a and 7c located at both the edge portions in the 
directions of Width. On the rear surface 2b, a positive voltage 

10 

15 

25 

35 

45 

55 

65 

2 
is applied to the electrodes 8a and 8c located at both the 
edges in the directions of Width. ArroWs shoWn in FIG. 5A 
are directions of electric ?elds applied across the electrodes 
at this time, and dielectric polariZation is performed along 
the electric ?eld directions. 

In this pieZoelectric vibrator, the electrodes 6b and 8b of 
the vibrators 1 and 2 are used as detection electrodes. The 
detection electrodes 6b and 8b are formed on surfaces (1b, 
2b) extending the X directions (?rst directions) on the 
vibrators 1 and 2 and formed at the central positions in the 
directions of Width of the X directions. In the vibrator 1, 
dielectric polariZation directions on the left and right of the 
X directions are symmetrical With respect to the portion of 
the detection electrode 6b. Similarly, in the vibrator 2, 
dielectric polariZation directions are symmetrical on the left 
and right of the X directions With respect to a portion Where 
the detection electrode 8b. 

In FIG. 5B, the phases of AC drive voltages applied to the 
respective electrodes are represented by signs + and —. When 
sign + is expressed on a certain electrode, and sign — is 
expressed on the other electrode, it means that AC drive 
voltages having a phase difference of 180° are applied to 
both the electrodes. Mark 0 in FIG. 5B represents plus 
distortion (extension) caused by the pieZoelectric effect, and 
mark x represents minus distortion (contraction). 

In the drive method in FIG. 5B, the electrodes 5b, 6a, 6c, 
7b, 8a, and 8c are grounded. The electrodes 5a, 5c, 7a, and 
7c are drive electrodes located on the front surfaces 1a and 
2a of the vibrators 1 and 2, and the electrodes 6b and 8b 
located at the centers of the rear surfaces 1b and 2b. 

As an AC drive poWer, voltages Which are in-phase are 
applied to the electrodes 5c and 7a, and voltages Which are 
in-phase (opposite from the above phase) are applied to the 
electrodes 5a and 7c. As a result, on the surfaces 1a of the 
vibrators on the left and right, at a certain point of time, plus 
distortion 0 occurs betWeen the electrodes 5a and 5b, and 
minus distortion x occurs betWeen the electrodes 5b and 5c. 
In the middle vibrator 2, on the front surface 2a, minus 
distortion x occurs betWeen the electrodes 7a and 7b, and 
plus distortion 0 occurs betWeen the electrodes 7b and 7c. 
Therefore, at a certain point of time shoWn in FIG. 5B, 
bending vibration occurs such that the amplitude directions 
of the vibrators 1 on both the sides are set to be a +X 
direction, and the amplitude of the middle vibrator 2 is 
performed in a —X direction. More speci?cally, the vibrators 
1 on both the sides and the middle vibrator 2 vibrate With 
phases opposite from each other in the X directions. 
When the pieZoelectric vibrator is placed in a rotation 

system rotated about axis Z, force in Y directions (second 
directions) Which are orthogonal to the vibration direction 
Works due to Coriolis force. Since the left and right vibrators 
1 and the middle vibrator 2 are vibratorily driven With 
phases opposite from each other in the X directions, the 
vibration components generated by Coriolis force are oppo 
site from each other in phase in the vibrators 1 on both the 
sides and the middle vibrator 2. For example, When the 
amplitude direction of the vibrators 1 on both the sides is a 
+Y direction at a certain point of time, the amplitude 
direction of the middle vibrator 2 is a —Y direction. 

Vibration components generated by the Coriolis force are 
obtained from the detection electrodes 6b and 8b formed at 
the centers of the rear surfaces 1b and 2b of the vibrators 1 
and 2 in the directions of Width. 

In the vibration component of each vibrator generated by 
Coriolis force, When the amplitude direction of the vibrators 
1 is the +Y direction at a certain point of time, the pieZo 
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electric materials of the portions of the detection electrodes 
6b “extends”. The amplitude direction of the middle vibrator 
2 becomes the —Y direction, and the piezoelectric material of 
the portion of the detection electrode 8b “contracts”. Since 
all the dielectric polariZation directions of the portions 
Where the detection electrodes 6b, 8b, and 6b are formed are 
equal to each other, current outputs I1 and I2 of the detection 
electrodes 6b are in-phase as the vibration components of 
the vibrators in the Y directions. In contrast to this, a current 
output I3 of the detection electrode 8b is detected to have a 
phase opposite from the phase of the current outputs I1 and 
I2. 

HoWever, in the conventional pieZoelectric vibrator, a pair 
of drive electrodes 5a and 5c, a pair of drive electrodes 7a 
and 7c, output electrodes 6a and 6c, and output electrodes 8a 
and 8c are formed on the front surfaces 1a and 2a and the 
rear surfaces 1b and 2b of the vibrators 1 and 2, respectively, 
and the ground electrodes 5b and 7b and the detection 
electrodes 6b and 8b are formed betWeen the pair of drive 
electrodes and betWeen the pair of drive electrodes, 
respectively, and six electrodes must be formed on both the 
front and rear surfaces of one vibrator. Therefore, dielectric 
polariZation and steps in manufacturing the electrodes are 
cumbersome, and Wires connected to the electrodes are 
complex. 

The electrodes formed on the front surfaces 1a and 2a and 
the rear surfaces 1b and 2b of the vibrators have a structure 
in Which the electrodes are very close to each other to have 
a small interval siZe (creeping distance). 
As shoWn in FIG. 5A, dielectric polariZation in each 

vibrator is generated by applying a high voltage across the 
electrodes. HoWever, When the interval siZe betWeen the 
electrodes is small as described above, and the shapes of the 
electrodes are not uniform, the folloWing problems are 
posed. That is, discharge caused by dielectric breakdoWn is 
generated at the nonuniform portion When a high voltage is 
applied, and the electrodes are broken. When dielectric 
polariZation is generated at a loW voltage to prevent the 
electrodes from being broken, the problem that the dielectric 
polariZation is not suf?ciently performed is posed. 
More speci?cally, due to a tolerance generated When the 

electrodes are formed, the electrodes cannot be avoided from 
being formed and biased in any one direction of the X 
directions, it is dif?cult to make the dielectric polariZations 
on both the sides of each electrode completely symmetrical. 
Therefore, a direction in Which a detection electrode is 
biased by an error in manufacturing cannot be predicted, and 
an error of the symmetry of the dielectric polariZation 
directions cannot be also predicted. 

Therefore, polarities of the vibration components output 
from the detection electrodes in the X directions are random, 
the polarities With Which the vibration components are 
generated cannot be predicted. For this reason, When the 
current outputs I1, I2, and I3 from the detection electrodes 
are given to the detection circuit described above, the current 
outputs may be ampli?ed by adding the vibration compo 
nents in the X directions, or may be decreased by subtracting 
the vibration components. More speci?cally, When the posi 
tions at Which the detection electrodes are formed have 
errors, amounts of vibration component in the X directions 
included in the detection output cannot be predicted until the 
pieZoelectric vibrator is actually operated. For this reason, 
the detection accuracy of Coriolis force becomes loW, and 
sensitivity for detecting an angular velocity X about axis Z 
is loW. 

SUMMARY OF THE INVENTION 

The present invention is to solve the above conventional 
problems, and has as its object to provide a drive detection 
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4 
device for a gyroscope Which can drive a pieZoelectric 
vibrator having a reduced number of electrodes. 

The present invention also has as its object to provide a 
drive detection device for a gyroscope Which can drive 
vibrators Which easily generate dielectric polariZation. 

The present invention also has as its object to provide a 
drive detection device for a gyroscope Which can cancel 
amplitude components in amplitude directions of the vibra 
tors When the number of electrodes of the vibrators is 
reduced. 
The present invention provides a drive detection device 

for a gyroscope including at least one vibrator Which has a 
pair of drive electrodes extending in a longitudinal direction 
on one surface and a pair of detection electrodes extending 
in the longitudinal direction on the other surface and Which 
is dielectric-polarized in one direction betWeen one surface 
and the other surface, comprising a drive system for giving 
drive signals opposite from each other in phase to the pair of 
drive electrodes, and a detection system including a pair of 
UV conversion means for respectively converting current 
outputs detected from the pair of detection electrodes into 
voltage outputs and addition means for adding voltage 
outputs of the UV conversion means. 

According to the present invention, the pair of detection 
electrodes are formed on one surface (front surface) of the 
vibrator, and the tWo detection electrodes are formed on the 
other surface (rear surface). For this reason, an interval siZe 
(creeping distance) betWeen the electrodes Which is larger 
than that of a conventional vibrator in Which at least three 
electrodes are formed can be assured. Therefore, even if a 
high voltage is applied across the electrodes, the electrodes 
can be prevented from being easily broken, the dielectric 
polariZations can be formed to design. 
As electrodes formed in one vibrator, 4 electrodes are 

satisfactorily used. Also in a vibrator in Which detection 
electrodes on both the sides of the vibrator are directly 
connected to a reference potential, only one electrode may 
be arranged on the detection side. In this case, as only the 
electrodes on both the sides, at least three electrodes may be 
arranged. For this reason, the electrodes can be manufac 
tured easier than conventional electrodes, and a Wiring 
process for the electrodes is not complex. 

In addition, in a pieZoelectric vibrator in Which only one 
dielectric polariZation direction may be used, When a high 
voltage is applied from one surface (front side) to the other 
surface (rear side), dielectric polariZation can be easily 
generated, and the states of dielectric polariZations betWeen 
the vibrations can be made uniform. ApieZoelectric material 
in Which dielectric polariZation is also formed in one direc 
tion can be used as a pieZoelectric vibrator. 

Therefore, as current outputs output from the detection 
electrodes, outputs Which have a small amplitude difference 
and are almost uniform can be obtained. Therefore, the 
detection accuracy for Coriolis force is also high, and the 
sensitivity for detecting an angular velocity W about axis Z 
can be made high. 
The present invention provides a drive detection device 

for a gyroscope including at least one vibrator Which has ?rst 
and second drive electrodes extending in a longitudinal 
direction on one surface and ?rst and second detection 
electrodes extending in the longitudinal direction on the 
other surface and Which is dielectric-polariZed betWeen the 
surface and the other surface, comprising a circuit of a drive 
system for generating drive signals being in-phase to the ?rst 
and second drive electrodes, and a detection system having 
a pair of UV conversion means for respectively converting 
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current outputs detected from the ?rst and second detection 
electrodes into voltage outputs and differential ampli?cation 
means for subtracting voltage outputs of the UV conversion 
means from each other. 

A drive detection device Wherein a pieZoelectric vibrator 
is formed such that a dielectric polariZation direction 
betWeen the ?rst drive electrode and the ?rst detection 
electrode and a dielectric polariZation direction betWeen the 
second dielectric electrode and the second detection elec 
trode are opposite from each other in phase, and is formed 
such that a dielectric polariZation direction betWeen the ?rst 
drive electrode and the second drive electrode and a dielec 
tric polariZation direction betWeen the ?rst detection elec 
trode and the second detection electrode are opposite from 
each other in phase is preferable. 
A drive detection device Wherein dielectric polariZation 

directions of adjacent vibrators are opposite from each other 
in phase is preferable. 

In the above con?guration, the vibrators at both the ends 
and the middle vibrator can be alternately vibrated by one 
AC drive signal. Therefore, the circuit con?guration of the 
drive system can be simpli?ed. 
A drive detection device Wherein one surface of each 

vibrator is constituted by only a drive electrode, and the 
other surface is constituted by only a detection electrode. 

Since the drive system and the detection system can be 
apparently discriminated from each other, Wiring can be 
easily performed, and erroneous Wiring can be immediately 
detected by leads painted in different colors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a pieZoelectric vibrator in 
a gyroscope according to the present invention. 

FIG. 2A is a front vieW of a pieZoelectric vibrator shoWing 
polariZation directions and the electric Wiring con?guration 
of a drive system as the ?rst embodiment of the present 
invention, and 

FIG. 2B is a connection diagram betWeen a middle 
vibrator shoWn in FIG. 2A and the circuit con?guration of a 
detection system. 

FIG. 3A is a front vieW of a pieZoelectric vibrator shoWing 
dielectric directions and the electric Wiring con?guration of 
a drive system as the second embodiment of the present 
invention, and 

FIG. 3B is a connection diagram betWeen a middle 
vibrator shoWn in FIG. 3A and the circuit con?guration of a 
detection system. 

FIG. 4 is a perspective vieW shoWing an eXample of a 
conventional pieZoelectric vibrator. 

FIG. 5A is a front vieW of the pieZoelectric vibrator shoWn 
in FIG. 4 When vieWed in the direction of arroW V, and 

FIG. 5B is a front vieW shoWing a drive state. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will be described beloW With ref 
erence to the draWings. 

FIG. 1 is a perspective vieW of a pieZoelectric vibrator in 
a gyroscope according to the present invention. FIG. 2A 
shoWs, as the ?rst embodiment of the present invention, 
polariZation directions and the electric Wiring con?guration 
of a drive system, i.e., a front vieW of the pieZoelectric 
vibrator in the direction of arroW II in FIG. 1. FIG. 2B is a 
connection diagram betWeen a middle vibrator shoWn in 
FIG. 2A and the circuit con?guration of a detection system. 
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6 
In a pieZoelectric vibrator 10 shoWn in FIG. 1, three 

vibrators 1014, 101/, and 10w Which are parallel separated 
from each other are formed at the distal end (+Z side) of an 
elastic plate made of a pieZoelectric material such as pieZo 
electric as a Whole. 

As shoWn in FIG. 1 and FIG. 2A, drive electrodes 10a and 
10b are parallel formed on the front surfaces (+Y side) of the 
vibrators 1014 and 10w on both the left and right sides, and 
electrodes 10c and 10d are parallel formed on the rear 
surfaces (—Y side). On the other hand, electrodes 11a and 
11b are formed on the front surface of the middle vibrator 
10v, and electrodes 11c and 11d are parallel formed on the 
rear surface. The electrodes eXtend along the longitudinal 
direction (direction of aXis Z) of the pieZoelectric vibrator 10 
throughout the entire lengths of the vibrators 1 and 2 in the 
longitudinal direction. 
As shoWn in FIG. 2A, dielectric polariZation directions in 

the pieZoelectric vibrator 10 are formed in the same direc 
tion in all the vibrators 1014, 101/, and 10w, i.e., in a direction 
from the upper surface (+Y side) to the rear surface (—Y 
side). The dielectric polariZation directions may be formed 
in a direction from the rear surface (—Y side) to the front 
surface (+Y side). 
As shoWn in FIG. 2A, the electrodes 10a and 11b on the 

front surface sides of the vibrators 1014, 101/, and 10w are 
connected to an AC drive signal source E1. The electrodes 
10b and 11a are connected to an AC drive signal source E2. 
More speci?cally, the electrodes 10a, 10b, 11a, and 11b are 
electrodes on the drive side. On the other hand, all the 
electrodes 10c, 10d, 11c, and 11d on the rear surface sides 
of the vibrators 1014, 101/, and 10w are used as electrodes on 
the detection side. 

As shoWn in FIG. 2B, the drive system are constituted by 
the AC drive signal sources E1 and E2 Which are signal lines 
having phases Which are opposite from each other and 
different from each other by 180°. On the other hand, the 
detection system is constituted by tWo I/V conversion means 
20 and 21 and one addition means 30. 

The UV conversion means 20 and 21 are mainly consti 
tuted by operational ampli?ers 20A and 21A such as 
op-ampli?ers. The operational ampli?ers 20A and 21A have 
inversion terminals (— terminals) 20a and 21a, non 
inversion terminals (+ terminals) 20b and 21b, and output 
terminals 20c and 21c, respectively, and the electrodes 11d 
and 11c of the vibrator 101/ are connected to the inversion 
terminals 20a and 21a of the operational ampli?ers 20A and 
21A, respectively. 

Resistors R1 and R2 are inserted betWeen the inversion 
terminals (— terminals) 20a and 21a and the output terminals 
20c and 21c of the operational ampli?ers 20A and 21A, 
respectively. The non-inversion terminals (+ terminal) 20b 
and 21b are connected to a reference potential Vref such as 
the ground. HoWever, the non-inversion terminals (+ 
terminal) 20b and 21b need not be grounded, and may be 
connected to an invariant potential. 

Input impedances betWeen the inversion terminal 20a and 
the non-inversion terminal 20b of the operational ampli?er 
20A and betWeen the inversion terminal 21a and the non 
inversion terminal 21b of the operational ampli?er 21A are 
extremely high on the characteristics of the operational 
ampli?ers. On the other hand, since imaginary ground 
(imaginary short circuit) states are established betWeen the 
inversion terminal 21a and non-inversion terminal 20b and 
betWeen the inversion terminal 21a and the non-inversion 
terminal 21b, the potentials of the inversion terminals 20a 
and 21a are set to be the reference potential Vref. More 
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speci?cally, the irnpedances between the electrodes 11c and 
11d and the reference potential Vref are eXtrernely high, and 
a current does not easily ?oW therebetWeen. However, the 
potentials of the electrodes 11c and 11d are set to be the same 
potentials. 
On the other hand, the addition means 30 is mainly 

constituted by an operational arnpli?er 30A having an inver 
sion terrninal (— terrninal) 30a, a non-inversion terrninal (+ 
terrninal) 30b, and an output terminal 30c. A resistor R5 is 
arranged betWeen the inversion terrninal 30a and the output 
terminal 30c. The non-inversion terrninal 30b is connected 
to the reference potential Vref. The output terminal 20c of 
the operational arnpli?er 20A and the inversion terrninal 30a 
of the operational arnpli?er 30A are connected to each other 
through a resistor R4. The output terminal 21c of the 
operational arnpli?er 21A and the inversion terrninal 30a of 
the operational arnpli?er 30A are connected to each other 
through a resistor R3. 

The electrodes 10c and 10d of the vibrators 1014 and 10w 
on both the sides may constitute a detection system consti 
tuted by the UV conversion means 20 and 21 and the 
addition means 30 like the middle vibrator 101/. The elec 
trodes 10c and 10d may also be connected to the reference 
potential Vref. 

In the folloWing description, a drive detection device for 
a gyroscope Will be described beloW on the assumption that 
the electrodes 10c and 10d of the vibrators 1014 and 10w on 
both the sides are connected to the reference potential Vref. 

AC drive signals S1 and S2 are supplied from the AC 
drive signal sources E1 and E2 to the electrodes 10a and 11b 
and the electrodes 10b and 11a of the pieZoelectric vibrator 
10. In the vibrators 1014 and 10w on both the sides, the AC 
drive signal sources E1 and E2 forrn loops constituted by the 
AC drive signal sources E1 and E2Qthe electrodes 10a and 
10bQthe vibrators (10u, 10w)%electrodes 10c and 
10dQthe reference potential Vref—>the AC drive signal 
sources E1 and E2, respectively. On the other hand, in the 
middle vibrator 10v, loops constituted by the AC drive signal 
sources E1 and E2Qthe electrodes 11b and 11a—>the vibra 
tor 10v—>the electrodes 11d and 11cQthe inversion terrninal 
20a of the operational arnpli?er 20A and the inversion 
terrninal 21a of the operational arnpli?er 21A—>the non 
inversion terrninal 20b of the operational arnpli?er 20A and 
the non-inversion terrninal 21b of the operational arnpli?er 
21A—>the reference potential Vref—>the AC drive signal 
sources E1 and E2 are established. 

Here, the phases of the AC drive signals S1 and S2 at a 
certain point of time are represented by (+) and These 
signs are added to the electrodes on the drive side. More 
speci?cally, When (+) is added to an electrode, the electrode 
has a potential higher than the reference potential Vref. 
When (—) is added to an electrode, the electrode has a 
potential loWer than the reference potential Vref. As in the 
above description, mark 0 represents plus distortion 
(extension) caused by the pieZoelectric effect, and mark X 
represents rninus distortion (contraction). 
As shoWn in FIG. 2A, When the AC drive signals S1 and 

S2 at a certain point of time are (+) and (—), respectively, the 
electrodes 10a and 11b becorne (+), and the electrodes 10b 
and 11a becorne 
As a result, on the front surfaces of the vibrators 1014 and 

10w on the left and right sides, at a certain point of time, plus 
distortion 0 occurs on the electrode 10a side, and minus 
distortion X occurs on the electrode 10b side. On the front 
surface of the middle vibrator 10v, rninus distortion X occurs 
on the electrode 11a side, and plus distortion 0 occurs on the 
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8 
electrode 11b side. Therefore, at a certain point of time 
shoWn in FIG. 2A, bending vibration occurs such that the 
amplitude directions of the vibrators 1014 and 10w on both 
the sides are set to be a +X direction, and the amplitude of 
the middle vibrator 101/ is performed in a —X direction. More 
speci?cally, the vibrators 1014 and 10w on both the sides and 
the middle vibrator 2 can be vibrated With phases opposite 
from each other in the X directions. 

At this time, current outputs Ic and Id are detected from 
the electrodes 11c and 11d on the detection side. More 
speci?cally, it is assumed that the amplitude direction of the 
middle vibrator 10v vibrates in the —X direction at a certain 
point of time. At this time, rninus distortion X occurs on the 
electrode 11c side, and plus distortion 0 occurs on the 
electrode 11d side. In addition, the left and right polariZation 
directions are equal to each other, the current output Ic of the 
electrode 11c and the current output Id of the electrode 11d 
are opposite from each other in phase. 

Since the electrodes 11c and 11d are formed on the same 
vibrator 101/, When the vibrator 101/ is driven in the X 
directions, X-direction in-phase drive components are super 
posed on the current outputs Ic and Id. 

When the gyroscope is placed in a rotation systern rotated 
about aXis Z, Coriolis force Works in the Y directions 
(second directions) Which are orthogonal to the vibration 
directions (X directions). Since the vibrators 1014 and 10w on 
both the sides and the middle vibrator 101/ are vibrated With 
phases opposite from each other in the X directions, ampli 
tude cornponents generated by Coriolis force in the Y 
directions are different in phase in the vibrators 1014 and 10w 
on both the sides from in the middle vibrator 101/. Therefore, 
for eXarnple, When the amplitude directions of the vibrators 
1014 and 10w on both the sides at a certain point of time are 
set to be the +Y direction, the amplitude direction of the 
middle vibrator 10v becomes the —Y direction. 

Therefore, at a point of time at Which Coriolis force Works 
in the +Y direction in the pieZoelectric vibrator 10 placed in 
a rotation system, When the amplitude direction of the 
middle vibrator 10v vibrates in the —X direction, rninus 
distortion X caused by contraction in the —X direction and 
plus distortion 0 caused by eXtension in the +Y direction 
occur on the electrode 11c side. On the other hand, plus 
distortion 0 caused by eXtension in the —X direction and plus 
distortion 0 caused by eXtension in the +Y direction occur on 
the electrode 11d side. More speci?cally, the current outputs 
Ic and Id include arnplitude components in the X directions 
and components of Coriolis force in the Y directions. 

The current outputs Ic and Id of the electrodes 11c and 11d 
are converted into voltage outputs Vc and vd by the UV 
conversion means 20 and 21. Since the irnpedances of the 
operational arnpli?ers 20A and 21A themselves are 
eXtrernely high, all the current outputs Ic and Id ?oW into the 
resistors R1 and R2. Therefore, in the UV conversion means 
20 and 21, the current outputs Ic and Id are converted into 
the voltage outputs Vc and Vd Which are eXpressed by: 
Vc=—Ic-R2 and Vd=—Id-R1. If R1=R2=R is satis?ed, Vc=— 
Ic-R and Vd=—Id~R are satis?ed. 

These voltage outputs Vc and Vd are added and arnpli?ed 
in the addition means 30, and an output Vout from the 
addition means 30 is given by: 
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-continued 
= —(Id + Ic)-R-R5/R4. 

However, since the current output Id and the current 
output Ic are different from each other in phase by 180°, as 
a result, the output Vout is eventually obtained by amplify 
ing (R~R4/R4) times) the difference betWeen the current 
output Id and the current output Ic. When the current output 
Id and the current output Ic are added to each other by the 
addition means 30, drive components Which are in-phase, 
included in the current outputs Ic and Id, and generated by 
vibration in the X directions can be canceled. 

Since the dielectric polariZation directions of the pieZo 
electric vibrator 10 may be uniform in one direction, a 
material such as quartZ having spontaneous polariZation can 
be directly used as a material of a vibrator. 

As the second embodiment, FIG. 3A is a front vieW of a 
pieZoelectric vibrator shoWing polariZation directions and 
the electric Wiring con?guration of a drive system, and FIG. 
3B is a connection diagram betWeen a middle vibrator 
shoWn in FIG. 3A and the circuit con?guration of a detection 
system. 

The pieZoelectric vibrator in FIG. 2A and the pieZoelectric 
vibrator in FIG. 3A are different from each other in the 
dielectric polariZation directions. More speci?cally, elec 
trodes 1011, 10b, 1111, 11b, 10a and 10b are formed on the 
front surfaces (+Y side) of vibrators 1014, 10v, and 10w of a 
pieZoelectric vibrator 10B shoWn in FIG. 3A, and electrodes 
10c, 1011, 11c, 1111, 10c, and 1011 are formed on the rear 
surface (—Y side). The dielectric polariZations of the vibra 
tors 1014 and 10w on both the sides are performed in four 
directions, i.e., the direction from the electrode 10a to the 
electrode 10b, the direction from the electrode 10a to the 
electrode 10c, the direction from the electrode 1011 to the 
electrode 10b, and the direction from the electrode 1011 to the 
electrode 10c. The dielectric polariZation of the middle 
vibrator 10v is performed in four directions, i.e., the direc 
tion from the electrode 11b to the electrode 1111, the direction 
from the electrode 11b to the electrode 1111, the direction 
from the electrode 11c to the electrode 11d, and the direction 
from the electrode 11c to the electrode 1111. 
As shoWn in FIG. 3A and FIG. 3B, only an AC drive 

signal source E is used as the drive system, and the same 
drive signal S are supplied to all the electrodes 1011, 10b, 
11a, and 11b on the front surfaces (+Y side) of the vibrators 
1014, 10v, and 10w. 

The electrodes 10c, 1011, 11c, and 1111' on the rear surfaces 
(—Y side) of the vibrators 1014, 10v, and 10w are used as 
detection electrodes. In FIG. 3B, of the vibrators 1014, 10v, 
and 10w, only the middle vibrator 10v is shoWn as in the 
above description. The electrodes 11c and 11d of the middle 
vibrator 10v are shoWn in FIG. 3B as detection electrodes. 

As shoWn in FIG. 3B, the detection system of this 
gyroscope is constituted by tWo I/V conversion means 40 
and 41 and one differential ampli?cation means 50. 

The UV conversion means 40 and 41 have the same 
con?guration as that of the UV conversion means 20 and 21. 
Therefore, the electrodes 11c and 11d of the middle vibrator 
10v are set at a reference potential Vref by imaginary ground 
(imaginary short circuit) of operational ampli?cation means 
40A and 41A constituting the UV conversion means 40 and 
41. 

The electrodes 10c and 1011 on the output sides of the 
vibrators 1014 and 10w on both the sides may constitute a 
detection system constituted by the UV conversion means 40 
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10 
and 41 and the differential ampli?cation means 50 as in the 
?rst embodiment. The electrodes 10c and 1011 may also be 
directly connected to the reference potential Vref. 

The differential ampli?cation means 50 is mainly consti 
tuted by an operational ampli?er 50A such as an 
op-ampli?er, and a resistor R5 is arranged betWeen an 
operational ampli?er 50A and an output terminal 50c of the 
operational ampli?er 50A. A non-inversion terminal (+ 
terminal) 50b is connected to the reference potential Vref 
through a resistor R6. An output terminal 40c of the opera 
tional ampli?er 40A of the UV conversion means 40 and the 
operational ampli?er (— terminal) 50A of the operational 
ampli?er 50A are connected through a resistor R3. An output 
terminal 41c of the operational ampli?cation means 41A of 
the UV conversion means 41 and the non-inversion terminal 
50b of the operational ampli?er 50A are connected through 
a resistor R4. 

When a drive signal S is supplied to the electrodes 1011, 
10b, 11a, and 11b on the front sides of the vibrators 1014, 10v, 
and 10w, the vibrators 1014, 10v, and 10w are vibrated. 

As shoWn in FIG. 3A, in each of the vibrators 1014, 10v, 
and 10w, dielectric polariZation directions are opposite from 
each other on the electrode 10a (11a) side and on the 
electrode 10b (11b) side. For this reason, When a AC drive 
signal Which is (+) at a certain point of time is supplied to 
the respective electrodes, if plus distortion 0 occurs on the 
front surfaces of the vibrators 1014 and 10w, minus distortion 
X occurs on the electrode 11a side. On the front surface of 
the middle vibrator 10v, minus distortion X occurs on the 
electrode 11a side, and plus distortion 0 occurs on the 
electrode 11b side. Therefore, at a certain point of time 
shoWn in FIG. 3B, bending vibration occurs such that the 
amplitude directions of the vibrators 1014 and 10w on both 
the sides become a +X direction, and the amplitude of the 
middle vibrator 10v is performed in a —X direction. More 
speci?cally, also in the pieZoelectric vibrator 10B described 
in the second embodiment, the vibrators 1014 and 10w on 
both the sides and the middle vibrator 10v can be vibrated 
With phases opposite from each other in the X directions. 

At this time, current outputs Ic and Id can be detected 
from the electrodes 11c and 1111' on the detection side. 
HoWever, in the second embodiment, unlike the ?rst 
embodiment, in the vibrator 10v, the dielectric polariZation 
directions are opposite from each other on the electrode 10a 
(11a) side and on the electrode 10b (11b) side. For this 
reason, the current output Ic of the electrode 11c and the 
current output Id of the electrode 1111' are in-phase. 

X-direction in-phase drive components generated by driv 
ing the vibrator 10v in the X directions are also superposed 
on the current outputs Ic and Id. 

The current outputs Ic and Id detected from the electrodes 
11c and 1111' are converted into voltage outputs Vc and Vd 
by the UV conversion means 40 and 41. 

Here, as in the ?rst embodiment, the converted voltage 
outputs Vc and Vd can be eXpressed by: Vc=—Ic-R2 and 
Vd=—Id-R1. If R1=R2=R is satis?ed, Vc=—Ic~R and Vd=— 
Id~R are satis?ed. 

These voltage outputs Vc and Vd output from the UV 
conversion means 40 and 41 are subtracted from each other 
and then ampli?ed in the differential ampli?cation means 50, 
and an output Vout from the differential ampli?cation means 
50 is given by: 
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Since the phases of the current output Ic and the current 
output Id are equal to each other, the Vout is obtained by 
amplifying ((R-R5/R3) times) the difference betWeen the 
current output Ic and the current output Id. This result is the 
same as that obtained in the ?rst embodiment. 

More speci?cally, in the differential ampli?cation means 
50, the current output Id and the current output Ic are 
subtracted from each other, so that in-phase drive compo 
nents generated by vibration in the X direction can be 
canceled. Therefore, an angular velocity Which is propor 
tional to initial Coriolis force can be detected at high 
accuracy. 

According to the present invention described above, even 
if the ground electrodes (central electrodes) on the front 
surfaces and the rear surfaces of the vibrators are removed, 
the vibrators can be vibrated, and outputs Which are pro 
portional to Coriolis force can be detected. 

Therefore, the steps in manufacturing electrodes can be 
made easy. Since the number of electrodes can be reduced, 
Wiring for the vibrators is not cumbersome. 

Since the interval siZe (creeping distance) betWeen elec 
trodes can be sufficiently assured by arranging a central 
electrode, a dielectric breakdoWn voltage betWeen the elec 
trode can be increased. Therefore, a high voltage can be 
applied across the electrodes. In addition, since discharge 
does not easily occur When a high voltage is applied, 
sufficient dielectric polariZation can be performed. 
What is claimed is: 
1. A drive detection device for a gyroscope including at 

least one vibrator Which has a pair of drive electrodes 
extending in a longitudinal direction on one surface and a 
pair of detection electrodes extending in the longitudinal 
direction on an opposing surface and Which is dielectric 
polariZed in one direction betWeen one surface and the 
opposing surface, comprising: a drive system to give drive 
signals opposite from each other in phase to the pair of drive 
electrodes; and a detection system including a pair of UV 
conversion mechanisms to respectively convert current out 
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puts detected from the pair of detection electrodes into 
voltage outputs and an addition mechanism to add voltage 
outputs of the UV conversion mechanisms. 

2. A drive detection device for a gyroscope according to 
claim 1, Wherein dielectric polariZation directions of adja 
cent vibrators are opposite from each other in phase. 

3. A drive detection device for a gyroscope according to 
claim 1, Wherein one surface of each vibrator is constituted 
by only a drive electrode, and the opposing surface is 
constituted by only a detection electrode. 

4. A drive detection device for a gyroscope including at 
least one vibrator Which has ?rst and second drive electrodes 
extending in a longitudinal direction on one surface and ?rst 
and second detection electrodes extending in the longitudi 
nal direction on an opposing surface and Which is dielectric 
polariZed betWeen the surface and the opposing surface, 
comprising: a circuit of a drive system to generate drive 
signals being in-phase to the ?rst and second drive elec 
trodes; and a detection system having a pair of UV conver 
sion mechanisms to respectively convert current outputs 
detected from the ?rst and second detection electrodes into 
voltage outputs and a differential ampli?cation mechanism 
to subtract voltage outputs of the UV conversion mecha 
nisms from each other. 

5. A drive detection device for a gyroscope according to 
claim 4, Wherein a pieZoelectric vibrator is formed such that 
a dielectric polariZation direction betWeen the ?rst drive 
electrode and the ?rst detection electrode and a dielectric 
polariZation direction betWeen the second dielectric elec 
trode and the second detection electrode are opposite from 
each other in phase, and is formed such that a dielectric 
polariZation direction betWeen the ?rst drive electrode and 
the second drive electrode and a dielectric polariZation 
direction betWeen the ?rst detection electrode and the sec 
ond detection electrode are opposite from each other in 
phase. 

6. A drive detection device for a gyroscope according to 
claim 4, Wherein dielectric polariZation directions of adja 
cent vibrators are opposite from each other in phase. 

7. A drive detection device for a gyroscope according to 
claim 4, Wherein one surface of each vibrator is constituted 
by only a drive electrode, and the opposing surface is 
constituted by only a detection electrode. 


